In sub-Saharan Africa (SSA), Plasmodium falciparum malaria still represents a common infectious disease, mainly affecting young children and pregnant women (World Health Organization, 2018) . At the same time, obesity-related cardio-metabolic conditions in the adult population have rapidly increased over just a few decades (Abubakari and Bhopal, 2008) . According to the Developmental Origins of Health and Disease (DOHaD) hypothesis, we suggest that gestational malaria may affect dietary behavior of the offspring contributing to an increased cardio-metabolic risk in later life (Fig. 1.) .
Indirect effects are most conceivable. P. falciparum infection in pregnancy impairs placental function due to the infiltration of the intervillous space by pro-inflammatory cells and damage to the surface of the villi (Brabin, 2004) . Inflammation, subsequent placental structural alteration, and disturbed utero-placental blood flow eventually impair materno-fetal nutrient transfer (reviewed in Christensen et al. (2011) ), leading to intra-uterine growth restriction (IUGR) and reduced infant weight. IUGR and subsequent stunting likely influence appetite control and energy intake in later life, particularly among individuals who experienced rapid catch-up growth during infancy (Christensen et al., 2011) . These effects of IUGR and stunting on nutritional behavior in later life are mechanistically linked to tissue-specific epigenetic alterations and differential expression of appetite-controlling genes, as well as structural alterations of organs responsible for food preferences (brain) and appetite control (brain, gut) (Breton, 2013) . Moreover, gestational P. falciparum exposure produces alterations in the fetal gut microbiome (Ippolito, 2018) . This may represent an alternative pathway to appetite programming and development of food preferences. Irrespective of whether maternal inflammation has been related to obesity, high-fat diets or infections, the causal chain from increased fetal pro-inflammatory cytokines through differences in the composition of intestinal microbes to disturbed appetite control is well established (Labouesse et al., 2015) . The involvement of malaria-specific cytokines, such as interleukins (ILs) and tumor-necrosis factor α (TNFα) as well as reactive oxygen species are likely. In animal models of maternal immune activation (MIA), these immune factors compromised the fetal gut microbiome and the development of the central nervous system (Montalvo-Martinez, 2018) . Taken together, P. falciparum infection during pregnancy represents a risk factor for IUGR and cytokine-mediated changes of the fetal gut microbiota.
Beside these indirect effects, gestational P. falciparum infection may also directly contribute to programming the offspring's dietary habits. Central to the cellular immune response in placental malaria is the shift from the type 2 helper T-cell (Th2) pathway to the Th1 response. The Th1 pathway initiates the production of pro-inflammatory cytokines, including the cytotoxic TNFα (Brabin, 2004) . The same immune molecule contributes to synapse formation and transmission in the hypothalamic brain regions (Bilbo and Schwarz, 2012) . In addition to the inflammatory response, malaria in pregnancy also induces fetal activiation of complement C5a, which can impact cerebral vascular development and synapse formation. This seems to be independent of malaria-related low birth-weight (LBW) and preterm delivery (PD) (reviewed in (McDonald et al., 2015) . Such structural changes in the https://doi.org/10.1016/j.bbi.2019.06.014 Received 5 June 2019; Accepted 6 June 2019 fetal nutrient-sensing organ can affect neuro-endocrine signaling, including the melanocortin pathway of satiety and appetite (MontalvoMartinez, 2018) . Beside those structural alterations, inflammation-related epigenetic changes may also drive appetite control and food preferences. The most prominent example comes from obesity-related inflammation. In these children, hypermethylation of the pro-opiomelanocortin (POMC) gene was associated with childhood obesity (Kuehnen, 2012) .
Despite the double burden of infectious diseases and diet-related non-communicable conditions in SSA, only few interrelations of the two have been investigated. From a birth cohort in rural Ghana, we have reported that in-utero exposure to malaria might promote later cardiometabolic dysfunction (Bedu-Addo, 2017). Influences on the structure and function of metabolically active organs are among the proposed causes (Christensen et al., 2011) . Here, we suggest a new research direction into dietary behavior as the linking element between gestational malaria and the offspring's cardio-metabolic risk in later life. Further investigations of this hypothesis require prospective study designs using state-of-the-art detection of gestational Plasmodium spec., repeated dietary assessments with culture-specific instruments for the offspring, and continuous monitoring of cardio-metabolic traits in later life. Indeed, from overweight children and adolescents, Kuehnen et al. reported that differential methylation patterns of POMC in the brain were similar to methylation patterns in peripheral blood mononuclear cells (PBMCs) (Kuehnen, 2012) . Thus, in epidemiological studies, DNA methylation patterns in different biological samples of mother-child pairs can assist in identifying the underlying molecular mechanisms of appetite programming by gestational malaria. In addition, we propose to revisit exisiting malaria intervention trial cohorts (or integrating in future malaria intervention trials) to measure the above mentioned biological and behavioral outcomes that could lead to the proposed causal link. For instance, in randomized controlled trials for malaria interventions, instrumental variable approaches could be useful to establish causal relationships. The random assignment of the intervention will serve as the instrumental variable while the biological measures of appetite control will be used as the outcomes of interest.
Taken together, recently oserved associations between gestational malaria infection and the offspring's dietary behavior argue for further investigation of the DOHaD hypothesis in SSA. There is abundant evidence for inflammatory processes during pregnancy to influence fetal appetite control and food preferences. Yet, previous work mainly focused on maternal obesity as the exposure and on broad behavioral changes, partially including dietary habits as the outcome (Labouesse et al., 2015) . Pending verification, the increased risk of cardio-metabolic conditions by gestational P. falciparum infection underlines the importance of comprehensive malaria prevention and elimination efforts in SSA. Fig. 1 . Graphical abstract summarizing the potential pathways linking gestational P. falciparum infection with the offspring's dietary behavior. P. falciparum infection during pregnancy confers a shift of the humoral immune response (Th2) to the cell-mediated immune response (Th1). Macrophages secrete pro-inflammatory cytokines, such as tumor-necrosis factor alpha (TNFα), and reactive oxygen species. These may directly confer structural and epigenetic changes of organs implicated in appetite regulation, including the fetal brain, and indirectly, through alterations of the fetal gut microbiota. Also, the activation of the complement system (C5a) might impair the child's synapse formation and tissue-specific gene expression. These processes can disturb the physiological systems of reward, excitation and appetite. In addition, the sequestration of P. falciparum-infected red blood cells (iRBC) and malaria pigment (hemozoin) in the intervillous space confer placental inflammation and insufficiency, which cause fetal hypoxia, nutrient deficiency, and subsequent growth retardation of appetite-regulating organs.
